Kawasaki disease (KD) is an acute febrile vasculitis affecting primarily infants and young children, and 15% to 25% of affected children may subsequently develop coronary artery aneurysms, if not treated (1, 2). They may cause sudden death or ischemic heart disease as a result of thrombotic or stenotic occlusion of coronary arteries (3). Two-dimensional echocardiography and selective coronary angiography are standard methods to evaluate coronary artery lesions; however, these are limited to the assessment of wall morphology. Recent progress in intravascular ultrasound (IVUS) technology allows detailed visualization of morphological changes in vascular wall. However, only a limited number of studies have been reported on the coronary artery using IVUS imaging in patients with KD, and the intervals from the onset of the illness to the time of the IVUS study ranged from 7 to 16 yr (4-6).
INTRODUCTION
Kawasaki disease (KD) is an acute febrile vasculitis affecting primarily infants and young children, and 15% to 25% of affected children may subsequently develop coronary artery aneurysms, if not treated (1, 2) . They may cause sudden death or ischemic heart disease as a result of thrombotic or stenotic occlusion of coronary arteries (3) . Two-dimensional echocardiography and selective coronary angiography are standard methods to evaluate coronary artery lesions; however, these are limited to the assessment of wall morphology. Recent progress in intravascular ultrasound (IVUS) technology allows detailed visualization of morphological changes in vascular wall. However, only a limited number of studies have been reported on the coronary artery using IVUS imaging in patients with KD, and the intervals from the onset of the illness to the time of the IVUS study ranged from 7 to 16 yr (4-6).
We illustrate IVUS findings of coronary wall morphology at 22 months after the onset of the disease in a girl with coronary aneurysms due to KD.
CASE REPORT
A 4-yr-old girl developed fever (39℃), reddening of the pharynx and a tender left-sided cervical adenopathy. She was tentatively diagnosed as having a streptococcal pharyngitis and oral cephalosporin was given at a primary care clinic, but her illness worsened with the appearance of erythematous swelling of both hands, arthralgia, myalgia, and abdominal pain. She was transferred to our hospital on 9th day of the disease.
At admission, her general condition was poor and pyrexia (38.5℃), tachycardia (130/min), and arthralgia on both knees and ankles were noted. Bilateral conjunctival injections and oral involvement including strawberry tongue, mucosal hyperemia, and cracked and erythematous lips were evident. There was no cervical lymphadenopathy. Erythematous swelling of both hands and feet was also noted. There was a leukocytosis of 17,500/ L with 93% neutrophils, 6% lymphocytes and the platelet count was 236,000/ L. The erythrocyte sedimentation rate was increased to 132 mm/hr and the Creactive protein level, 30.5 mg/dL. Bacteriologic and serologic studies were negative. The electrocardiogram showed normal pattern. The initial echocardiogram showed aneurysms of the proximal right coronary artery with a maximum diameter of 9 mm, and dilatation of the mid-left anterior descending coronary artery with a diameter of 5 mm. The patient was immediately treated with intravenous gamma globulin (2 g/kg) and salicylate (100 mg/kg/day). The fever disappeared within 24 hr and all other clinical signs within a few days after the initiation of treatment.
During follow-up, the patient had been treated with salicylate (5 mg/kg/day) and dipyridamole (4 mg/kg/day). Selective coronary angiography was performed to confirm the
Intravascular Ultrasound Findings of Coronary Wall Morphology in a Child with Kawasaki Disease
Intravascular ultrasound (IVUS) imaging was performed to assess the coronary wall morphology in detail at 22 months after the onset of Kawasaki disease in a girl who had developed coronary aneurysms at 4 yr of age. The sites of persistent aneurysms demonstrated a dilated lumen with a marked symmetrical or asymmetrical thickening of the intima-media complex. This pathologic finding was also present in angiographically normal vessels near an aneurysm but with a mild thickening. Coronary artery calcification was observed at one site in the aneurysms. The sites of normal coronary artery far from an aneurysm showed normal intravascular ultrasound findings with no measurable intima-media complex. Our case indicates that the healing process may continue via cell proliferation, with extension to the proximity of the coronary aneurysms. IVUS is useful to evaluate the coronary wall morphology and may be valuable in the long-term follow-up of coronary lesions due to Kawasaki disease.
Key Words : Mucocutaneous Lymph Node Syndrome; Ultrasonography coronary artery lesions at 7 months after the onset of the disease. To evaluate the morphological change in coronary artery lesions, follow-up coronary angiography was performed at 15 months after the first study. The coronary aneurysms in the acute stage were not changed at the second angiography. There was no stenotic lesion. IVUS imaging was carried out at the time of follow-up angiography to obtain more information on vascular wall changes.
Using a 6F guiding catheter (Boston Scientific Corp., Maple Groove, MN) and a 0.014 inch guidewire, an electronic 3.5F, 20 MHz, 64-element imaging catheter (Visions FX, Endosonics, Rancho Cordova, CA) was introduced into the distal portion of the right coronary artery. Real-time cross-sectional images of the entire right coronary artery were obtained on pullback and images were continuously recorded on videotape (S-VHS). The integrated fluoroscopy window of the IVUS systems allowed optimal localization of the ultrasonic probe position together with on-line analysis of the IVUS images. The thickness of the intima-media complex was measured as a distance from the lumen-vessel wall interface to the trailing edge of the echolucent zone in the ultrasound images.
By ultrasound the sites of persistent aneurysms demonstrated a dilated lumen with a marked symmetrical (site B, C) or asymmetrical (site D, E) thickening of the intimamedia complex: the images showed two layers of the vessel wall with no sonographic evidence of a distinct medial layer (Fig. 1) . Within the aneurysms the thickness of the intimamedia complex ranged from 0.4 to 1.4 mm. No thrombus was detected. This pathologic finding was also present in angiographically normal vessels near an aneurysm (site F) but with a mild thickening of 0.4 mm (normal, <0.3 mm). Coronary artery calcification was observed at one site in the aneurysms by IVUS. It was detected at the innermost lumen as a focal bright echo signal with acoustic shadowing. Farther distally, the right coronary artery showed no layered ap- 
DISCUSSION
Only 22 months after the onset of KD, IVUS revealed a pathologic thickening of the intima-media complex within the coronary aneurysms and in the adjacent angiographically normal coronary arteries. It also demonstrated calcification within the aneurysm, not detected by angiography. However, apparently normal coronary arteries far from the aneurysm at the acute stage of the disease showed normal wall structure, similar to those in normal children (4) . We used the term of intima-media complex cited from Suzuki et al. (5) because medial layer could not be sonographically differentiated from the thickened intima. The thickness of the intimamedia complex up to 1.4 mm was pathologic. The thickness of the intima >0.3 mm is considered abnormal in children and young adults (4, 5) . In addition, as the normal coronary artery in childhood shows a single layered appearance in IVUS, layered appearance of the vessel wall itself indicates the presence of abnormal thickening of the intima, unless intimal thickness is <0.3 mm (4, 5) . Intimal thickening of the coronary vessel wall is caused mainly by the proliferation of smooth muscle cells of the media (7), which is a possible mechanism of angiographic regression of aneurysms. (5) observed a remarkably thickened intima-media complex in persisting aneurysms as well as in regressed ones at 11.5±2.3 yr from the onset but with more thickening in the latter. In contrast, we observed intimal thickening within persistent aneurysms and in the adjacent angiographically normal vessels at 22 months after KD. This difference may be due to a shorter interval after the onset of KD and continuous healing process of the vessel wall. Our finding is compatible with that by von Xylander et al. (8) in terms of the presence of intimal thickening within a persistent aneurysm even a relatively short period of time after KD. Our case indicates that the healing process may continue via cell proliferation, with extension to the proximity of the coronary aneurysms.
In addition to the evaluation of the coronary wall morphology in patients with KD, Iemura et al. (6) found that at the site of regressed aneurysms, there was significantly more vascular constriction with acetylcholine, and poorer dilatation with isosorbide dinitrate than in normal vessels. This result indicates that there is persistent functional impairment as well as abnormal vascular wall morphology in patients with KD.
It is not clear when the intimal thickening within aneurysms occurs during the course of KD, because it is difficult to perform IVUS study during the acute stage of the disease in children with small coronary arteries. With miniaturization of the ultrasound transducer, it may be possible to evaluate the intimal changes in the early stage of development of the aneurysm.
